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by
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and
Manuel Vieira,'. statistical Clerk

U. S. Fish and Wildlife Service

Woods Hole, Massachusetts

ABSTRACT

Evidence is presented that the silver hake population
along the Atlantic coast is comprised of two separate groups. One
group inhabits the waters off the New England coast and the other is

found off the southern New England, New York, and New Jersey
coasts. Two characters, head length and pelvic fin length, gave con-
sistent differences for separating these groups during two seasons of

the year. The data were analyzed by appropriate F-tests in an analy-
sis of covariance and by a T -test for the distance between regression
lines.

INTRODUCTION

A program of researchon the biology
of the silver hake (Merluccius bilinearis,
Mitchill) was initiated in 1955 at the
Fish and Wildlife Service, Bureau of

Commercial Fisheries, Biological
Laboratory, Woods Hole, Massachu-
setts. This species is fished conrinner-
cially in the coastal waters from Maine
to New Jersey and is processed largely
for human consumption with lesser
amounts being used for animal food
and industrial purposes. One of the
research aims was to determine if the
silver hake caught by the commercial
fishing fleet consist of one or more

than one population. In the present
study, morphometrlc data from the
Gulf of Maine, Rhode Island, New York,
and New Jersey are compared.
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MATERIALS AND METHODS

Silver hake used in this study were
collected from pound nets, weirs, and
otter trawlers from Maine to New
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Jersey. Additional collections were
made on cruises of the Alhatross III

in 1955 and 1956. Care was taken to

correctly identify the silver hake and
not include the American or offshore
hake, Merluccius albidus, in this study.
The location and description of each
sample are shown in figure 1 and table 1.

The characters measured conformed
to the descriptions of Hubbs and Lagler
(1947) and are listedin table 2. The fork
length was used as the independent
variable in all comparisons; all other
characters measured were employed as
dependent variables. The statistical

methods outlined in Snedecor ( 1946) for
the covariance analysis and a T-test
described by Ouenouille ( 1950) to deter-
mine the significance of the distance
between regression lines were used.

The original data were plotted to

determine the relationship of the vari-
ous dependent variables on the inde-
pendent variable. A linear relationship
was found to exist between variables
for silver hake from 26 to 38 centime-
ters. Accordingly, only those fish in the

sample between 26 and 38 centimeters
in length were used in this study and
approximately 25 fish were collected in

each 1 -centimeter size group at each
sampling location.

•FROM COMMERCIAL CATCH 1955
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• -ALBATROSS HI CRUISES 65 - 6G
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Figure 1. --Sampling locations and source of samples for

the silver hake used in this study.

CXienouille outlines two assumptions
that must be fulfilled in order to use
the T-test between regression lines:

(1) The variance of the samples must be
comparable, when the larger variance
of the two is divided by the smaller, the
resulting F-ratio should not be signifi-

cant; (2) the regression coefficients
must not be significantly different. The
above assumptions wfere fulfilled for
head length and length of the pelvic fin

only; all other parameters failed to

meet these assumptions.

If conditions 1 and 2 are met then the
variances and coefficients may be
pooled and the two regression lines
reconnputed using a mutual regression
coefficient. The difference between the
lines may then be computed simply by
subtracting values of -one formula from
that of the other. The difference is then
tested to determine if it is significantly
different from zero. .An example of the
application of this test using data from
the present study is given in table 3.

To further determine whether or not
there are significant differences be-
tween the silver hake collected from the
Gulf of Maine and those from Rhode
Island to New Jersey, covariance analy-
ses of eight morphometric characters
were calculated for each area. These
analyses are summarized in table 4.

Those characters showing a difference
at the 1 -percent level or higher were
head length, length of the pelvic fin,

length of the first ventral fin, and eye
diameter. These four characters were
used to separate the groups. The T-test
was applied to only two of the charac-
ters, head length and length of the

pelvic fin. The other two characters,
eye diameter and length of the first

ventral fin, were not applicable since
the variance of the samples was too
great.

RESULTS

Following Marr's (1957) suggestion,
the term "group" will be used to define
the various fractions of the population
since the distinctive characteristics
cannot be classed as being either
phenotypic or genotypic.



TABLE 1.—Location, date, and number of silver hake used for racial analysis

Date



TABLE 2.—Body proportions used in the study for separating groups of silver hake

[+ data analyzed; - insufficient data]

Variables
Data on



TABLE 3.—^An example, using data on head length from the present study, showing
how the Quenouille T-test for the separation of regression lines of similar
slope can be employed for racial studies in fishery investigations

Parameter, F (formula l) T (formula 2) T (formula 3)

location and between between between
date variances coefficients lines

Gulf of Maine
September 1955 1.386 NS 0.0166 NS 26.^62**

New Jersey
October 1955

Gulf of Maine
April 1956 1.052 NS 0.0061 NS 32.-495**

New Jersey
April 1956

Formulae: (^xy)

F (larger) _ ^y^ - x^
. ,^ ^

(1) r where V = sy . x''

V /"smaller^ n — 2

(2) T -b^-b^ where (sdy . x^) / N^ + /Vj - 4

"1.2 ^1.2

,V N
' 1 2

(3) r =- 1 2 w 2'

V^l ^^ ^
1x^1 Ixhj

where b

sy . x^ =

I.x^l + 2 x^2

(Srtj.yj +X2-y2)^

Symbols used are: ** - significant at the 1 percent level, and
NS - not significant.

do not differ significantly, but when and New Jersey ) were found to be highly
compared with the Gulf of Maine cdie c- significant (table 5).
tion the results were highly significant
(table 4).

Length of First Ventral Fin
The T-test was also applied to this

paranneter and the comparisons with the Comparisons were made with silver
Gulf of Maine with the total southern hake collected in the northern area
collection (Nantucket Shoals, New York, (Gulf of Maine) and those from Rhode
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Figure 2.--Plotied regression lines for head length (left) and pelvic fin length (right) on fork length from silver hake

samples taken from the Gulf of Maine, Rliode Island. Long Island, and New Jersey waters.

Island and New Jersey. The resulting

"F" value was significant at the 5-

percent level. The Rhode Island and New
Jersey collections were also compared
and the resulting "F" value was not

significant (table 4). These results

indicate that this characteristic can
also be used in separating the two
groups. The variance of these compari-
sons was too large to apply the T-test.

Eye Diameter

The same comparisons were made
for this character as for the ventral

fin. The resulting "F" value was sig-

nificant for the comparisons betwe,en

the northern and southern sannples,

but was not significant when the two
southern samples were compared
against each other (table 4). The
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variance of these samples was also too

large for the T-test.

CONCLUSIONS

The results of the analysis of the

morphometric measurements used in

this study indicate that two groups of

silver hake may be distinguished, one
from the Gulf of Maine and the other
south of Cape Cod. Relative differences
in head length, length of pelvic fin,

length of ventral fin, and eye diameter
clearly indicate that the samples taken
from the major areas (Gulf of Maine,
Rhode Island, New York, New Jersey)
were not drawn from the same popula-
tion. The amount of intermixing between
the areas, if any, cannot be determined
fronn the present data. Results from
preliminary tagging experiments con-
ducted in both areas have not indicated
any movennent of silver hake between
areas.
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